Objectives: To identify associations between malnutrition, falls risk and hospital admission 10 amongst older people presenting to ED 11
INTRODUCTION 35
Malnutrition is associated with falls risk in older populations, but has not previously been 36 documented in populations presenting to emergency departments (ED) in Australia or 37 internationally. The older population aged 65 years and over in Australia is predicted to 38 increase from 2.5 million in 2003 to 3.2 million in 2011 and then 7.2 million people by 39
2051.
1 Findings have shown that falls occur in 33% of older people living in the community 40 annually. 2 Once an older person falls, they are two to three times more likely to fall again 41 within the same year. 2 Annual health costs directly related to falls in older people are 42 projected to rise from the current $AU500 million (2001) to $AU1.375 billion by 2051. 3 
43
Unless effective prevention strategies are executed, the situation is anticipated to be critical 44 by 2010 and a 66% reduction in falls incidence is needed to be delivered to maintain parity. 3 
46
Malnutrition affects 25-60% [4] [5] [6] of older hospitalized populations, increasing in incidence with 47 age. 7 It is associated with increased complications, delayed wound healing, mortality and re-48 admission rates. 8 One in seven (170/1145) older Queenslanders receiving Home and 49
Community Care services were identified as being at risk of malnutrition using the 50 Malnutrition Screening Tool. 9 Malnutrition is associated with falls risk in the older 51 population 10, 11 and fallers tend to have a lower nutritional status than non-fallers.
10-12

53
Considering the association previously observed between malnutrition and all fallers, 10, 11 54 determining nutritional status may be appropriate within the medical review. Kingsley 13 
55
classified falls as frail mechanical falls and active mechanical falls. While an active 56 mechanical faller may only require assessment and treatment for fall injuries, a frail 57 mechanical faller may require a more complete medical review to determine any underlying 58 issues that caused the fall. 13 Malnutrition is commonly reported in older hospitalised 59 populations 14, 15 and in community dwelling or institutionalised people. 14, 15 However, no 60 studies have assessed the risk of falls in those malnourished presenting to the ED. 61
62
This study aimed to assess the association between malnutrition and the risk of falls in an 63 older population presenting to ED. This study also aimed to assess malnutrition prevalence 64 using Subjective Global Assessment as a criterion standard and to test the ability of the 65 Malnutrition Screening Tool 16 to identify older people with malnutrition presenting to ED. 66
Participant Recruitment: 68
A cross-sectional, prospective study involving a convenience sample of older fallers and non 69 fallers was conducted for one month at the Princess Alexandra Hospital, Brisbane. Non-70 consecutive patients ≥60 years who presented to the ED (with over 60 000 presentations 71 annually and over 12 000 ≥60 years) at a tertiary teaching hospital, between 7am and 5pm 72 fallers. Non-fallers were also interviewed. Participants were only assessed whilst in the ED. 87 collection and entry. Any identifying participant details were securely stored separately from 91 the data collection sheets and data was de-identified prior to analysis. 92
93
A fall was deemed to occur when environmental hazards or physical demands exceeded the 94 individual's ability to maintain independent postural stability 17 such that it resulted in the 95 person coming to rest inadvertently on the floor, ground, or other lower level. 18 According to 96 patient history, fallers were divided into either the frail mechanical fall group or active 97 mechanical fall group according to Kingsley. 13 A frail mechanical fall occurred in a setting of 98 muscle deterioration, poor foot placement, and visual or proprioceptive inadequacies. Frail 99 fallers often reported attempting a routine activity that was unsuccessfully completed due 100 to weakness. An active mechanical fall often occurred during vigorous activity, with active 101 mechanical fallers normally experiencing uninhibited physical function. 13 Those with 102 syncope or vertigo were included with active mechanical falls as per Kingsley's definitions. 103
The specific type of fall was established through review of ED medical notes, conversation 104 with the ED physician and the participants themselves. 105
106
Any self-reported falls in the previous 6 months were documented. Participants were 107 screened as either at risk or not at risk of malnutrition using the Malnutrition Screening Tool 108 (Table1). 16 Subjective Global Assessment (SGA) 19 was employed as the criterion standard 109 against which the clinical validity of the MST in the ED setting was assessed. SGA was 110 used to assess and confirm all participants as well-nourished (SGA A), moderately 111 malnourished or at risk of malnutrition (SGA B) or severely malnourished (SGA C). 19 No 112 mildly malnourished group occurs in this categorization. 113 admitted as an inpatient to a hospital ward, or transferred to another hospital, were considered to 116 have been 'admitted', while participants discharged to their usual home or residence directly from 117 ED were considered 'discharged'. 118 119
Data collection and Statistical Analysis: 120
Age was not normally distributed and was presented as medians and interquartile ranges 121 (IQR). Age, gender and triage category differences between those recruited into the study and 122 others aged ≥ 60 years of age presenting to ED in the year of the study (2008) were analysed 123 using the Mann Whitney U test. Gender, fall group, number of self-reported fallers in the 124 previous 6 months and subsequent admission or discharge was assessed against nutritional 125 status using Pearson's Chi-square test and relative risk (RR). Fisher's Exact Test was used in 126 cases of small cell frequency (five or less). Sensitivity, specificity, positive and negative 127 predictive values were calculated for the Malnutrition Screening Tool in relation to the SGA 128 score and 95% Confidence intervals reported. Two tailed tests were used and significance 129 was determined at p<0.05. 130
131
One person collected all data, eliminating inter-rater variability. However, for additional 132 confidence in the malnutrition assessments completed, the data collector and exemplar (both 133 from the dietetic discipline) undertook SGAs in person with a convenience sample of 134 participants, using Cohen's kappa statistic to assess inter-rater reproducibility Cohen's kappa 135 statistic also assessed the intra-rater reliability of the data collector's initial malnutrition 136 assessments against reassessments of coded and reordered participant SGA documentation 137 undertaken more than 12 months after cessation of data collection thus eliminating recall. The 138 SGA was completed in accordance with the protocol described by Detsky. 19 Those rated as 139 moderately or suspected of being malnourished (SGA B) and the severely malnourished 140 (SGA C) were grouped and coded as malnourished. All data was analysed using the SPSS for 141
Windows, release 12.1 (Statistical Package for the Social Sciences Year 2003). 142
RESULTS:
During the one month study period 436 people aged ≥60 years presented to the ED. Of these, 88 were excluded, 18 declined and 204 were not seen due to time or treatment restraints. One hundred and twenty-six (126) eligible participants were recruited. Median age was 74 years (IQR 65-82) and 59% (74/126, 95% CI 50-67%) were male ( Table 2 ). Age (p=0.763), gender (p=0.274) and triage category (p=0.062) were not statistically significantly different between the study participants and others aged 60 years or more who presented to the ED in 2008 (n=12,425).
Malnutrition prevalence was 15% (19/126, 95% CI 9-21%) ( Table 2) . High SGA inter-rater reproducibility was confirmed between the data collector and the dietetic exemplar (18/19, Cohen's Kappa 0.9 p<0.001). High intra-rater reliability of the data collector's SGA assessments was also confirmed (123/126, Cohen's Kappa 0.9 p<0.001).
Of the study participants recruited, 28% (35/126, 95% CI 20-36) presented to ED as a result of a fall (Table 3) A larger proportion of the group presenting to ED after a frail mechanical fall were malnourished (47%, 7/15, 95% CI 22-72%), compared to non-faller group (11%, 10/91, 95% CI 5-17%) and active mechanical fallers (10%, 2/20, 95% CI 0-20%) (p=0.001) (Figure 1 ).
Malnutrition prevalence was greater amongst frail mechanical fallers than active mechanical fallers but did not differ between the active mechanical fallers and non-fallers (Fishers Exact test p=0.02 and 1.00 respectively).
The incidence of self-reported falls during the previous six months was 31% (39/126, 95% CI 23-39%) ( Table 2 ). Malnourished participants showed as increased risk of self-reporting a fall during the previous six months compared to the well-nourished (RR: 1.5, 95% CI 1.0-2.5, p=0.03) (Figure 2 ). The malnourished also had an increased risk of being admitted to hospital rather than being discharged from ED (RR 5. 
DISCUSSION:
Malnutrition occurred in one in six (15%) older people presenting to ED. Malnutrition in the Australian hospital inpatient setting has been previously observed at between 31%-44%, 6, 20 whilst a Canadian study observed 24% malnutrition within those who were admitted to a hospital ward after ED presentation. 4 The authors are unaware of any previous study in Australia or internationally that has investigated either malnutrition prevalence amongst older people or its associations with fall presentation to ED.
The findings indicated that the specific fall type, not the fall itself, was associated with malnutrition. Participants who experienced an active mechanical fall or no fall were more likely to be well nourished compared to those experiencing a frail mechanical fall. While previous research has found a relationship between falls and malnutrition, 10, 11 no previous study has investigated relationships between malnutrition and specific fall types.
Previous falls interventions have focused on increasing physical function, lower body strength, balance and home hazard awareness. 2 Falls interventions featuring nutritional supplementation have had mixed results. Fiatarone et al found that protein and energy supplementation was only effective when combined with exercise, 21 while increased micronutrient (vitamin and mineral) intake alone, or combined with exercise, was not found to decrease falls in an older population. 22 Nutritional studies had not previously distinguished between types of fallers which may have contributed to mixed results . 11, 17, 18 Malnourished participants had an increased risk of self-reporting a fall in the previous six months compared with their well-nourished counterparts. The incidence of self-reported falls over six months (31%) amongst participants were comparable to previous reports, where 33% of older community dwellers experienced one fall annually. 2 Considering the different time frames, our results may be conservative. Australian teaching hospitals revealed that the majority of malnourished inpatients (over half of whom were severely malnourished) were not recognised by staff or receiving any specialised nutrition care. 6 A more recent Australian study identified 42% of patients as malnourished, but found only 15% of these were referred for nutrition intervention. 32 Early malnutrition identification would enable early nutritional intervention, which has been shown to decrease hospital length of stay and readmission rates. 8 Australia has an ageing population coupled with increasing life expectancy for those aged over 60 years. 1, 33 Both factors present huge resource issues for health systems overseas 34, 35 and in Australia where emergency departments already experience access block. Identifying people at malnutrition risk through implementing a simple validated screen is anticipated to positively impact upon the health of older people and reduce presentations to ED. Interventions to assess outcomes (including ED presentations) from timely dietetic involvement in ED of people identified at malnutrition risk are currently underway. Although falls aetiology is multi-factorial in nature, further adequately powered research is required to investigate the impact of nutritional intervention in frail patients with mechanical falls and the contribution that dietitians can make in a multidisciplinary ED setting.
STRENGTHS AND LIMITATIONS
The modest sample size is the principle study limitation. However, initial results suggest further investigation in a larger sample is warranted to confirm the Malnutrition Screening Tool's sensitivity, clinical prediction and width of confidence intervals. The occasional, prioritization of faller over non-faller during recruitment may have resulted in a slight overestimate of malnutrition prevalence. However, triage category 1 was not included in this study and those with decreased capacity were excluded also. Although not formally assessed, many older triage category 1 presentations appeared frail and were possibly more likely to be malnourished. Their exclusion could have potentially reduced the malnutrition prevalence.
As fallers are more likely to have fallen in the past, 2 the occasional prioritizing of fallers during recruitment may have led to a slightly greater self-reporting of falls in this study. A falls calendar is a more accurate way of measuring falls over a period of time than the onetime recall method used in this study. 38 However, there was no contact with participants before the initial interview and the exclusion of those with decreased mental or memory capacity would have assisted recall.
The study strength is its completion using validated measures in a real clinical setting involving collaboration from several health disciplines. The study participants were confirmed to be representative of the older person presenting to ED irrespective of the Monday to Friday convenience sample, that not all people suitable for inclusion were seen due to time or treatment restraints, and that fallers were prioritized over non-fallers during recruitment on occasion.
Error or bias is not anticipated to be high even though inter-rater reliability was not completed for falls categorization. With the exception of three syncopal falls, a fall due to epilepsy and a slip on a glass landing, active fallers had been involved in accidents subsequent to climbing household items that included ladders, chairs, walls and cars. Active fallers presented as quite a distinct group.
Even though any categorization has limitations, Kingsley's 13 classification system attempts to recognize that fallers are not an homogenous group. It provides a preliminary acknowledgement of the heterogeneity of fallers. Although frail mechanical fallers may have been anticipated to be of poorer nutritional status, this had not been previously demonstrated.
Confirming the heterogeneity in malnutrition status between groups of fallers may contribute to an understanding of who will benefit from nutritional interventions in the prevention of falls.
CONCLUSION
Within Australia or internationally, this is the first known study to identify malnutrition prevalence amongst older people presenting to ED. Additionally, this is the first known study to explore associations between malnutrition and frail mechanical fallers, rather than any type of fall. Study results revealed that the malnourished are more likely to be admitted to hospital. This study showed the Malnutrition Screening Tool to be a simple, practical and rapid tool for malnutrition screening in the ED setting. Older people presenting to ED (especially after a frail mechanical fall) should be nutritionally screened using a validated tool such as the Malnutrition Screening Tool. 
